Introduction
This study began in 1978, and the first publication was in 1983 (1) ; the data and analysis were extended in a communication to the second U.S./Dutch International Symposium in May 1985, which was published in 1986 (2) . The data was brought up to date in a recent paper in Environmental Research published in August 1987 (3) . The purpose of this presentation is to discuss additional data and analyses that bear on the important question of which air pollutant is most likely to be responsible for the demonstrated respiratory morbidity.
Summary of Previous Data
The three papers (80-199 ppb) are greater by about 7% than admissions on low ozone days (ozone levels 9-60 ppb), comparing only the same days of the week in the same season in the same year (3). Although asthma admissions constitute nearly half of all summer respiratory admissions (3), the correlation coefficients remain highly significant if asthma is taken out of consideration.
The Ontario Air Pollution study includes all the 79 hospitals in the region that admit acute cases and the hourly pollutant data for SO2, 03, NO2 (nitrogen dioxide), CO As noted in previous publications (3), there are high correlation coefficients between these variables. Between 03 and SO4, 0.6459; between 03 and temperature, 0.6450; and between temperature and SO4, 0.5237. Relative humidity is correlated only with SO4, with a correlation coefficient of 0.3445. All of these coefficients were significant at the p < 0.001 level (3) .
In a further multiple regression analysis, temperature was forced into the analysis as the first variable. As shown in Table 1 , it accounted for only 0.89% of the variation. When SO4 was inserted as step 2, 3.3% of the variability was accounted for, and this increased to 5.6% when all other variables were added. This suggests that temperature alone is not the responsible factor for the association. Figure 1 shows the distribution plot of the standardized residuals for the summer data only. These show a satisfactory fit between the observed and predicted distribution.
Data for June 1983
The usual data analysis in this study involved only the summer months of July and August. However, June 1983 was observed to be a month with particularly high ozone levels. As shown in Table 2 , ozone episodes in this region, defined as ozone levels above 82 ppb for 3 or more hours in a calendar day, were more frequent in June 1983 than in any July or August. This table shows the variability between years of these episodes. In view of the data for June 1983 we obtained the hospital admission data for the month of June only for the years between 1979 and 1985. These are shown in Table 3 . Surprisingly, in view of the regional analyses of high and low ozone days we have previously reported (3), there is no excess of respiratory admissions in June 1983. There were more in June of 1979, 1980, 1982, and 1985 than there were in June 1983. As noted later, this observation throws doubt on the primacy of ozone in relation to the morbidity. Table 3 is also interesting as it shows that in years when hospital admissions in June were highest (1982 and 1985) , the increased admissions were in the categories of acute bronchitis and asthma, and not in the other respiratory categories. In summer, observations of SO4 were correlated with the SO4 data we have used for the whole region, with a coefficient of 0.6057, highly significant at the 0.001 level. We then reran the correlative data with hospital admissions and noted that whereas the SO4 data from the whole region were highly significantly correlated with the respiratory admissions (3), the daily SO4 data from the single station were not correlated significantly with the admissions. We conclude from this that the regional spread of the S04, as represented by the 17 stations, is important and cannot be replaced with a single data point from the center of the region.
Summary of Evidence for and against Different Pollutants
In Table 4 , we have summarized the points that can be made for and against individual pollutants. It is clear that a case can be made that 03 is responsible; not only is it the only one of the measured pollutants that has been shown to be irritant at the ambient concentrations which exist (4), but also the regionally divided data showed a difference between hospital admissions on high and low 03 days. Yet the analysis of data for June 1983, when ozone levels were unusually high, showed no evident increase in hospital admissions. The multiple regression showed that S04, which had the highest Pearson correlation coefficient with respiratory admissions, accounted for the highest percentage of the variability. These factors favor attributing the effect to the S04 levels, yet sulfates are not irritant at these concentrations. Nor can any association between S04 levels and respiratory admissions in winter be demonstrated.
These conflicting results suggest that some other pollutant, the formation of which is favored by high 03 and S04 levels, might be responsible. A possible candidate is H2SO4 aerosol, which, as noted in our most recent publication (3) has been measured in this region. More aerometric data will be required to confirm or disprove this possibility. An initial analysis of hospital admissions on the days in July 1986 when H2SO4 was measured will be undertaken when the hospital data are available.
We conclude that this question cannot be resolved on the basis of present data. It may be that the morbidity is produced by some combination of factors. Ozone may increase the airway reactivity; if the subject is then exposed to acidic aerosol, or even naturally occurring antigens, the response is heightened sufficiently to lead to hospital admission. It may prove to be important that in this region the pollutants are encountered by a 
Summary and Conclusion
We draw the following conclusions from the data as it now stands.
The association between the difference between respiratory admissions on a given day and the mean for that day of the week, for that season, in that year, and 03, S04, and temperature, can be consistently demonstrated in the summer. No association exists for a group of nonrespiratory conditions.
Multiple regression analysis indicates that temperature alone accounts for less than 1% of the variance; S04 accounts for about 3%; and when those factors together with 03 are included in the analysis, 5 .6% of the variability in respiratory admissions is accounted for. However, there are reasons against attributing the association either to 03 or to S04. It is possible that the morbidity is attributable to a pollutant such as H2SO4 aerosol, which has been shown to be formed intermittently in the summer in this region. As this is not yet routinely measured, the present type of analysis cannot be conducted in relation to it.
From what is known of individual susceptibility to these pollutants from clinical studies, it is possible that ozone heightens airway reactivity, rendering the individual susceptible to subsequent S04 or H2S O4 exposure; the possibility that these pollutants heighten sensitivity to other (unmeasured) allergens cannot be ruled out. A high correlation coefficient between such allergens and 03 and SO4 data would be required to attribute the association with morbidity to such allergens.
Measurement of SO4 at a single station in the center of the region, though highly correlated with the measurements we have used from 17 stations, cannot be used in place of the regional SO4 data, as it shows no significant association with hospital admissions.
